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PREFACE 

Subsystem performance analysis is required in Flight Design to assess 
the capability of the Environmental Control and Life Support System (ECLSS) 
to support the flight requirements and define operational procedures under 
contingency flight conditions. Current ECLSS modeling techniques are limited 
in the variety of configurations and they employ batch mode computer program 
execution methods. Future spacecraft will require analysis of both a greater 
variety and a greater number of ECLSS than for previous spacecraft programs. 
Improvements in the variety of configurations that can be modeled and a 
reduction in effort required for modeling and analysis can be accomplished 
by developing a modular computer library program which operates interactively. 

An effort has been conducted to develop a modular interactive ECLSS per- 
formance analysis tool. The final reports on the effort are included in an 
Executive Summary and two Technical Reports. The Technical Reports include 
a User Guide and a sample model. 

The Executive Summary presents an overview of the effort. 

The Technical Reports include a User Guide which, due to the modular 
nature of the Program Library, includes a greater degree of technical detail 
than one for a conventional program. This Sample Model report supplements 
the User Guide and illustrates a complete ECLSS model set up and execution. 
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1. INTRODUCTION 


This report presents a sample Environmental Control and Life Support 
(ECLSS) model performance analysis using the Environmental Analysis Routines 
Library (EARL). This volume supplements the user's Guide to provide an example 
of a complete model set up and execution. The particular model was synthesized 
to utilize all of the component performance routines and most of the program 
options. The subsequent text presents a description of the synthesized ECLSS, 
the driver Routine (MAIN), and the various displays ,in the order they appear in 
execution. The MAP and Computer Control Statements are given in Appendix A. 
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2. SAMPLE ECLSS MODEL DESCRIPTION 

A schematic of the ECLSS to be analyzed is given on Figure 2.1*. The 
system consists of an atmospheric loop and a payload loop interfaced to a 
liquid heat rejection loop. 

The atmospheric coolant enters the cabin at Node 1 and exits into a CO^ 
removal system at Node 2. Cabin make-up Nitrogen and Oxygen are extracted 
from Source 1 and 2. CO^ removal canisters are provided from Source 3. 

Moisture removal is accomplished between Nodes 3 and 4. The moisture removal 
system rejects heat to the liquid loop at Nodes 7 and 8 and stores the con- 
densate in Source 4. Cabin temperature is modulated by a heater at Node 4 
which controls to a prescribed temperature at the cabin outlet (Node 2). Heater 
power is extracted from Source 5. 

The liquid heat rejection loop mixes the radiator panel outlet and radiator 
by-pass flow (Nodes 16, 20, and 11) into Node 5 which is a final cooling stage 
evaporator. The evaporator extracts its expendable media from Source 6. The 
liquid cools cold plated equipment between Node 6 and 7 prior to interfacing 
with Nodes 3 and 4 of the atmospheric coolant loop condenser. The liquid then 
cools a second cold plate prior to interfacing with Nodes 21 and 22 of a payload 
coolant loop. Radiator panel and by-pass flow are then modulated at Node 10 to 
control the temperature at Node 5. Node 11 is the by-pass leg. The radiator 
consists of two parallel sets of three panels each. 

The payload loop rejects heat at Node 21 to the liquid loop (Nodes 9 
and 10) for cooling of payload equipment at Node 22. 


* Figure 2.1 is a program produced schematic prepared from a previous run of 
the sample model given in this text. It does not appear in the order with re- 
spect to other displays had it been part of the sample execution. 
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Figure 2.1. Sample Model Schematic (Cont.) 
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'i gure 2.1. Sample Model Schematic (Concl.) 
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3. SAMPLE ECLSS MODEL EXECUTION 


The driver routine (MAIN 20)* for the ECLSS described in the previous 
section is shown on Table 3.1. 

Program Control displays are shown on Figure 3.1 In these, and subsequent 
displays, only the completed display is illustrated. Utility input and compon- 
ant data displays are shown on Figure 3.2. The Boundary Condition and Print 
Control information shown on Figure 3.3. These three Figures are part of the 
active execution. Printed performance and Plot data as output are shown (on 
Figures 3-4 and 3.5 respectively. These latter two Figures are generated as 
part of' the passive execution. 


* This model was executed using the MAP given in Appendix A. Several problems 
related to loss of Common Data have occurred executing with this particular MAP 
structure. These problems can be avoided by including those common blocks shown 
for MAIN 20 in all model driver routines. 
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CONTROL DISMllY 
-ENTER RUN NODE * I WILDER) 

NEW START = 0 
RESTART = 1 
ENTER OUTPUT OPll"N 
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Figure 3.1. Program Initialization and Control 
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VALUE 
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COMPORTMENT VOLUME 1 

000 , 000 

CUBIC 

LEAKAGE RATE 

2. 000 

LB/HR 

COOLANT FLOW ROTE 

F0 .i 000 

BTLI/Hf 

HEAT LOAD 2 
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BT 1.1 /HI 
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Figure 3.2. Utility Input and Component Data 
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NODE NO. 


.i. .i. .i. »r. . 1 . . 1 . «i, ,i, 

-V- I* «!• V* *1 -V* •?> *V* 



LITHIUM HYDRO:- 

TIDE 




CANISTER 



ITEM 



VALUE 

UN 1 TS 

1 

CANISTER MASS 


1 . 000 

LBS 

'“j 

GAS FLOW RATE 


501 „ 000 

BTU/HR DEG 

3 

CANISTER PRESSURE 

CHANGE 

. ISO 

PS I 

4 

SPECIFIC HEAT OF 

GAS 

„ 2 1 0 

BTU/LB DEG 

IT 

PARTIAL PRESSURE 

OF WATER 

. 130 

PS I 

6 

PARTIAL PRESSURE 

OF NITROGEN 

1 1 .. 600 

PS I 

7 


OK Y GEN 

3. 100 

PS I 

y 


CARBON 

. 093 

PS I 



D I OK I DE 



Q 

TOTAL PRESSURE 


14. 700 

PS I 

' 10 

INITIAL ABSORBED 

QUANT I TV 

. 0 0 0 

FRACTION 

‘ 1 1 

CANISTER SOURCE 


3 

INTEGER 

' 1 2 

INLET GAS TEMPERATURE 

5:1 0. 165 

DEG 

>,1/ » ( l,i i,i,i »,l, 

•«' »V* -V> *V« •• 

j'J*; i-J'i : t-J-; :*{*: 

; v ; 
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ITEM 



node: no . 

CONDENSING HE NT E 
ATMOSPHERIC 1 


CHANGER 

IDE 


*>:••• COLLING SIDE 

C 0 N D E N S I N 5 H E A T T R R N S F E R C 0 E F . 

D R Y H E fl T T P A N S F E R 0 0 E F .. 

COOLANT FLOW RATE 
FLUID INLET TEMP 
CONDENSATE TANK NO. 


VALUE 


2000. 000 
;| 0 0 0 0 0 0 
S 0 1 . 0 0 0 


**# INTERFACE SIDE 

COOLANT FLOW RATE 
FLUID INLET TEMP 

CALLING SIDE NODES IN 3 

I N T E R F A C E S I D E N 0 0 E S I N 7 


1490. 1 1ST 
499 . 0*30 

OUT 4 
OUT 8 


**:v: 


UNIT 


BTIJ/HR DEG 
8 T 1,1 /HR DICE 
BTIJ/KR DEG 
DEG 

INTEGER 


B T U/HR DEG 
DEG 




Figure 3.2. Utility Input and Component Data (Cont.) 
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PROPERTIES FOR 
NODE NUMBER 3 
INFORMATION ONLY 
NOT EDITABLE 


PARTIAL 

PRESSURE 

OP 

WATER 

. 133 

PSIA 

PARTIAL 

PRESSURE 

OF 
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NODE NUMBER 4 
HEATER 


ITEM 


VALUE 

UNIT 

i 

THERMAL CAPACITY 

20G. 000 

BTU/DEG 


OVER! L HEAT TRANSFER COEF. 

150G. 000 

BTU/HR DEG 

3 

COOLANT FLOW RATE 

501 . 000 

BTU/HR DEG 

4 

INITIAL COMPONENT TEMPERATURE 

521 . 000 

DEG. 

5 

INITIAL INLET TEMPERATURE 

500.830 

DEG. 

6 

HEATER POWER 

4SO.00G 

BTU/HR DEG. 

i 1 

CONTROL NODE NUMBER 


INTEGER 


CONY ROL TEMPERATURE 

532.000 

DFG . 

Q 

DEAD BAND 

2 . 0OO 

DEG. 

10 

INITIAL TEMP AT CONTROL NODE 

510.165 

DEG 

1 1 

ATM u S P H E R 1 C C 0 0 L A N T 

1 

INTEGER 


0 = NO 

1 = YF.S 



12 

THERMAL COUPLING 

0 

INTEGER 


0 = NO 

1 - YES 



13 

POWER SOURCE 

rr 

INTEGER 


INLET NODE NO. 
4 

OUTLET NODE 
1 

NO . 


ATnOc Pl-IEF: I C 

C OALhN 1 

.;•••; :;,:i 


PROP FBI ) IS; 

FOR 



NODE HIJMBL 

R 4 



I ME Op MAT I ON 

ONLY 



NOT EDITA 

ML E 



PARI I AL PRESSURE ui WATi [•' 

. 1 26 

ps in 


pm i i m p r f s r. i j p i o i- n i i r u i j e 
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Figure 3.2. Utility Input and Component Data (Cont.) 
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******************************************* ***** 

NODE NUMBER 5 
-EVAPORATOR 

ITEM 

1 HEAT OF VAPGRAZATION — 1060. OOO BTU/LB 

2 OVERALL HEAT 

TRANSFER COEF. 3000.000 BTU/HR DEG 

3 COOLANT FLOW RATE 1490.484 BTU/HR DEG 

4 SATURATION TEMP 495. OOO DEG 

5 INITAL FLUID 

INLET TEMP 521.000 DEG 

6 CONSUMABLE 1 INTEGER .LE. 

1 = POTABLE WATER 

2 = WATER 

3 = AMMONIA 

4 = “OTHER 

7 TANK ASSIGNMENT 6 INTEGER -LE. 

INLET NODE NUMBER OUTLET NODF NUMBER 

5 6 

************************************************ 
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NODE NUMBER 6 
COLD PLATE 

ITEM 


1 

THERMAL CAPACITY 

150.000 

BTU/DEG 


OVERALL HEAT TRANSFER 
COEF. 

2500.000 

BTU/HR DEG 

3 

COOLANT FLOW RATE 

1490.484 

BTU/HR DEG 

4 

INITIAL COMPONENT 
TEMP. 

500.000 

DEG 

5 

INITIAL COOLANT 
INLET TEMP. 

49S. 474 

DEG 

6 

ATMOSPHERIC COOLANT 

0 

INTEGER 

1* 

0 = NO 

1 = YES 

EPS DATA ASSIGNMENT 

0 

INTEGER 

S 

0 = NO 

1 = YES 

THERMAL. COUPLING 

0 

INTEGER 


0 = NO 

1 = YES 

INLET NODE NUMBER 
6 

n * * * * * * * * * * * * * * * * * * * * * * * * * 

OUTLET 

NODE NUMBER 

* * * s 

* * * * * * * * * * M 

i< * * * * * * * * 


* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * ■! • * * * * * : * * * * * * * * * * * * * * * * * * * * * * * * * * * * 

NODE NO. 7 

CONDENSING HEAT EXCHANGER 
INTERFACE SIDE 


ITEM 


VALUE UNIT 

*** CALLING SIDE **'* 


1 COOLANT FLOW RATE 

2 FLUID INLET TEMP. 

3 ATMOSPERIC COOLANT 

NO = 0 
YES = 1 


1490.404 BTU/HR DEG 

499.715 DEG 

0 INTEGER 


*** ATMOSPHERIC SIDE *** 

4 COOLANT FLOW RATE 

5 FLUID INLET TEMP 

CALLING SIDE NODES IN 7 

ATMOSPHERIC SIDE NODES IN 3 


501 . 
512 . 

OUT 

OUT 


000 

■>70 


BTU/HR 

DEG 


DEG 
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NODE NUMBER 
COLD PLATE 

ITEM 


1 

THERMAL CO POL ITY 

200 ,. 000 

BTIJ/DEu 

2 

OVERALL III fl 1 TRANSFER 
COEF., 

3000 .. 000 

BTU/HR DEG 

■a 

COOLANT FLO HI RATE 

1,490. 404 

BTU/HR DEG 

H 

INITIAL COMPONENT 
TEMP.. 

521 . 000 

DEG 


I NIT Tin. COOLANT 
INLET TEMP. 

504. |C7 

DEG 

b 

ATMOSPHERIC COOLANT 

O 

INTEGER 


0 r NO 

1 = YES 

EPS DO 1' A ASSIGNMENT 
0 ™ N 0 

0 

INTEGER 

p 

1 r: YES 

THERMAL COUPLING 

•1 

INTEGER 


0 NO 

INLET NODE NUMBER 

OUTLET 

NODE NUMBER 

9 

..... 

».•.* J A* . 

.A, ..... ..... ..... ..... .,,, ..... 



THERMAL COUPLINE DOT' I 
FOR MODE MO. 0 
COUPLED TO i NODES 
TYPE OF IIP ITT TLTlH >1 - L i : AMD 
.[ T E M C 0 LI I"' I... I M G M 0 1 > E N I M-IIT II: CO D F V 1 1 1... LIE 

1 122 .. 50 O 

VALUES IT RE:: 

B T U 2 H R F 0 R S E R I E 8 1 i O C 0 I.J P L I N G 
B T LI / I I R D E G * *• 4 F 0 R 8 E R I E S 2 1 Q C 0 1...I P L I N G 


I TELI 

1 

'-i 


b 


” MODE ' MO ! ' ' ' 9 ' ' 

HE ITT EXCHANGER 

Cp,:.|. T Ml i SIDE * 

HER! TRANSFER COEF. 

COO Lfl NT FLO HI RATE 
FLUID INLET TEMPERATURE 
TYPE 

COUNTER FLOW = 0 
PARALLEL FLO HI = 1. 

ATMOSPHERIC COOLANT 

NO_ = 0 

***• INTERFACE SIDE 
HEAT TRANSFER COEF . 

COOLANT FLO HI RlTTE 
FLUID INLET TEMPERATURE 


.1, .», .1. .1. .1. .1. .1, .1. .1. .1. .1. .,1,. 

•Y* 'V- *Y' • » ■ *i* *V« >«• *r* *»• *V • i i - * » • 


value unit 

8000.. 000 BTU/HR DEG 
1490. HG- 4 BTU/HR DEG 
518.751 DEG 

0 INTEGER 

0 INTEGER 


300.000 BTU/HR DEG 
100.. 0)30 BTU/HR DEG 

521.000 DEG 
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Hum- NUMBER 10 
II OMUL fir T i'i M VALUE 

DESCRIPTION VOL LIFT UNIT 

LEG 1 NODI" NIJMBF P 12 INTEGER 

LEG 2 NODE NUMBER 11 IN TETTER 

CONTROL NODE NUMBER 0 INTEGER 

C 0 N T RO I . T E M P 5 0 5 . 0 0 0 D F fi 

INI i I HI TEMP Nl' CONTROL NO DP 02 1 „ 000 DF.fi 

PROPORTIONAL GAINS „ 001 PRUCTION 

MON I IORD OVER t . 000 FRACTION 

MIN HARO OVER . 000 FRUCTION 

I N I T 1 0 1. T FI M P I I T M 0 D W 0 D E G 1 0 .. i i v f D E G 

COOL. AN f FLOW TTI MOD NOPE 1490. 484BTU/HR. DEG 

0 T M 0 8 P 1 1 F P. 1 0 i "; 0 0 L 1 1 W T 0 I N T F R f - R 

0 r J'|i) 

.1 S T B E " D I F I N E 0 R \ : i * 0 R E Y 0 LI E K I T 0 1 8 P l. A V 


/DEG 


NODE NO.. 12 
BRANCH 

SPLIT INTO 2 LG 

LEG MODE E 

M NUMBER PROP 
1 3 
17 

ATMOSPHERIC COOLANT 

0 = NO 

1 :: YES 

COCI. ANT FLOW ROTE 
COOLANT INLET TEMP 


2 LEGS 
I LOW 

PROPORTION 
.. 500 


R. 0 0 

0 INTEGER 


709.. 09O BTU/HR DEG 

515.. 891 DEG 


NODE ‘ NUMBER ‘ 13 

RADIATOR PANEL 


THERMAL CAPACITANCE 

0 V E R IT L L H E 0 T T R IT N 3 F E R C 0 E F . 

COOLANT FLOW ROTE 

SOLAR ABSORB. I VI TV 

EMM I SI VI TV 

R I Li H T F I N E F F E C T I V E N E S S 

I. E F T F l N E F F E C T I V E N E S 3 

RIGHT FIN AREA 

LEFT FIN AREA 

ANGLE OF INCIDENCE 

DXHFDEPIAL ANGLE 

INITIAL FIN TEMP 

INITIAL COOLANT INLET TEMP . 

NODE COUP'. I MG 


NO -- Q 
YES ~ 1 

SHADOW NODE NUMBER 
E !' NODE NUMBER ( 


VALUE UNIT 

25 . 000 BTU/DEG 
15O0 .. 000 BTU/HR DEG 

384.545 BTU/HR DEG 
190 FRACTION 
.. 900 FRACTION 
. 800 FRftCT S. ON 
.. 800 ENACT I ON 

10.000 SO FT 
1 0 . 0 0 0 S 0 f- T 

., COO RAD 
.. O00 RAD 
521 .. O00 DEG 
518.891 DEG 
O INTEGER 


OUTLET NODE NUMBER 


25 INTEGER 


1 3 1 4 Oft* 

■■ >Js * !■: :•!: »Jt •*: >}s ;•••: * >{t t* s}s * $ t}: :■}: :!■: jjt •* 


Figure 3.2. Utility Input and Component Data (Cont.) 



SHADOWING DATA 
FOR NODE Nil. 13 
SHADOWED DV 2G 


ITEM 


1 

SHADOW NODE fiPEH 

1 . ODD 

SO FT 


ANGLE OF I NO I DUNCE 

. OLD 

RAD 

7 

DIHEDRAL ANGLE 

„ ADO 

RAD 
I I T i T Li 

4 

STAND ni l VECTOR DOTH 

n; 

STAND TUT DISTANCE 

2 000 

FT 

b 

1 i'll I V . STAND-OFF ANGLE OF INCIDENCE 

. ODD 

Run 

\ 

LOU I V .. STAND-OFF 0 1 HEAR HI, ANAL L 

. 000 

RAD 


NODE will- if UR i'f 

radiator uumli 


ITEM 

'l T HER mu CAPACITANCE 

2 OVERALL HE Hi TRANSFER COEF 

3 COOLANT FLOW RATE 

4 SOL HR ABSORB i V I TV 

5 EMM I 3 I V I TV 

6 RIGHT FIN EFFECTIVENESS 

7 L EFT FI N E F F L t T I V E N E S S 

S RIGHT FIN HR EH 

9 LEFT FIN AREA 

10 ANGLE OF INCIDENCE 

11 D I HIT DENIAL ANGLE 

12 INITIAL FIN TEMP 

13 INITIAL COOLANT INLET TEMP. 

14 NODE COUPLING 

NO = 0 

YFs = 1 

15 SHADOW NODE NUMBER 

INLET NODE NUMBER OUTLET NODE 

•I Li. i r* 


VALUE UNIT 


20.000 

BTU/DEG 

SOD . odd 

Bill/ HR DEG 

;3 ; ; 1 1. p; ij. g 

BTU/HR DEG 

I 100 

FRACTION 

.. ODD 

FRACTION 

.. SOi!) 

FRACTION 

. ; .DO 

1 RAC i I ON 

1 O . 000 

SO FT 

1 0 000 

SO FT 

.. 000 

RAD 

000 

PAD 

52 1 . 000 

DR G 

528.. SB 7 

SUIT 

0 

I NI L GEE: 


8 INTEGER 

NUMBER 


' NODE ' MUM 
R HOIl-l TOR 


BGR ' ii 
PANEL 


1 TEH 


VALUE 

UN I T 

‘ 1 

THERMAL CAPACITANCE 

25 . ODD 

BTU/OEG 

2 

0 V E R A L L H E A T T R G N 3 F E R C 0 E F .. 

t EDO ODD 

BTU/HR D! 

jj 

COOLANT FLOW RATE 

ij, t tj r, 

BTU/HR DF 

4 

SOL. HR ABSORB I VI TV 

. !l 00 

FRACTION 

5 

EMM I S I VI TV 

.. 900 

FRmCT I ON 

6 

RIGHT FIN EFFECTIVENESS 

. SOR 

FRACTION 

i 

LEFT FIN EFFECTIVENESS 

. ODD 

FRACTION 

0 

RIGHT FIN AREA 

10 00® 

SCl FT 

‘3 

LEFT FIN AREA 

1. 0 .. OHO 

SO FT 

10 

ANGLE i. H INCIDENCE 

.. 008 

RAD 

i :i 

D I HE DPR 1 Cl L AN lil. E 

.. 000 

RAD 

12 

INITIAL FIN TEMP 

521 000 

DEG 

13 

INITIAL COOLANT INLET TEMP. 

520. 999 

DEG 

14 

NODE COUPLING 

0 

INTEGER 

15 

NO - ii 

SHADOW NODE NUMBER 

0 

INTEGER 

I. FILE 

T NODE NUMBER OUTLET NODE 

NUMBER 



4, 4. U 

■ *y: .’y :}: :•{* 

/•; 


. Utility Input and Component Data (Cont.) 
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Figure 3.2 


MODE NUMBER 17 
RADIATOR PANE I 



VALUE 

UNIT 

THERMAL CAP AC T TANCE 

:?E , ODD 

BTU/DEG 

OVERALL HE A I TRANSFER CCJEF . 

1 „ i/3 I ji l) 

BTII/UR DF 

COOLANT FLOW RATE 

i,|. 

B TUP HR Dt 

SOLAR ABSORB IV IT V 

. I MO 

F 1 fit' HON 

EMM I SI VI TV 

. SOD 

FRfiL-T x ON 

RIGHT FIN EFFECTIVENESS 

.. BOD 

ERUtTTON 

LEFT FIN EFFECTIVENESS 

.. 000 

F'F-Tii : ION 

RIGHT FIN AREA 

■J O .. 000 

SO |- r 

LEFT FIN AREA 

10 0100 

SO FT 

ANGLE OF INCIDENCE 

.. ODD 

RAD 

DIHEPERIAL ANGLE 

.. 080 

RhD 

INITIAL FIN TEMP 

52 1 ODD 

DEG 

I N I T I A L C 0 0 L A N X I N L. E'i T E M P . 

S 1 0 .. 89 1 

DEG 

NODE COUPLING 

0 

INTEGER 


INI. 


N 0 _ “ 0 

SI-1 BOON NODE NUMBER 

,ET NODE NUMBER OUTLET NODE NUN BE 
1 7 1 8 


0 INTEGER 


NODE NUMBER 18 
RADIO TOR PANEL 


EM 


INLJ 


THERMAL CAPACITANCE 


VALUE 
25 ,. 000 

UN I T 
BTU/DEE 

OVERALL, HEAT TRANSFER 

COEF .. 

1 500 000 

BTL.I/HR DF 

COOLANT FLOW PATE 


384 . 8 45 

BUI/ HR DE 

SOLAR ABSORB IV I T Y 


. 1 0 0 

FRACTION 

EMM 1 8 1 V I TV 


„ SOD 

FRACTION 

RIGHT FIN EFFECTIVENESS 


. 800 

FRACTION 

LEFT FIN EFFECTIVENESS 


. 800 

FRACTION 

RIGHT FIN AREA 


1 0. 0D0 

SO E T 

LEFT FIN AREA 


10. 000 

SO FT 

ANGLE OF INCIDENCE 


.. 0 0 0 

RAD 

DIHEDERI AL ANGLE 


.. 000 

RAD 

INITIAL FIN TEMP 


S 2 1 . O U 0 

DEG 

INITIAL. COOLANT INLET 

TEMP,. 

520. S57 

DEG 

NODE COUPLING 


0 

INTEGER 

NO = 0 

SHADOW NODE NUMBER 



INTEGER 

7 NODE NUMBER OUTLET 

NODE 

NUMBER 


1 8 

IS 
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Figure 3,2. Utility Input and Component Data (Cont.) 


ITEM 


MODE NUMBER 10 
ROD I A TOR PANEL 


VALUE UNIT 


1 THERMAL CAPACITANCE 

2 OVERALL HEAT TRANSFER COEF . 

3 COOLANT FLOW RATE 

t SOLAR ABSORB I VITV 

5 EH MIS IV I TV 

6 R I G H ' I" P I N E f ■ F E C T I V E N E S S 

7 L E F T F I N la F F E C T I V E N E 3 S 

8 RIGHT FIN AREA 

9 LEFT FIN AREA 

10 ANGLE OF INCIDENCE 

11 DIMP.DE RIAL ANGLE 

12 I Nil'll II. FIN TEMP 

13 INITIAL COOLANT INLET TEMP. 

It NODE COUPLING 

NO 0 

Y |T C’j •>»•* 

IS SHALLOW ""NODE NUMBER 

INLET NODE NUMBER OUTLET NODE 


.256 

1500.000 

/s; i,j. c;ijp; 
*100 
, 000 
. 000 
. 000 
10. 000 
1 § ., 0 0 0 
. 0 0 0 
„ 000 
521 .. 00 0 
520 .. 000 
0 ] 


0 I NTT: MLR 


y-t 


ITEM 

1 


NODE NO. 5 
JUNCTION 
MIRING 3 NO DEI- 
11 1 MED NODE 
NUMBER 
1 1 


t A T 11 0 S P II E R I C C 0 0 L A M T 


UN I T 
INTEGER 
INTEGER 
INTEGER 
O INTEGER 


3 «l YES 


NODE NO. 21 
HEAT EXCHANGER 


VALUE 


UNIT 


mm CALLING SIDE 


HEAT TRANSFER CLEF. 
COOLANT FLOW RATE 
F L. LI I D I N LET TEH P E R A T LI R E 


30Q.000 BTLI/HR 

100.000 BTLI/HE 

521.000 DEG 


COUNTERFLOW = 9 
PARALLEL FLOW a 1 
ATMOSPHERIC COOLANT 


NO a 0 
YES a 1 


*»m INTERFACE SIDE 


HEAT TRANSFER COEF. 
COOLANT FLOW RATE 
F L LI I D I N L. E T T E M P E R A T U R E 


3990. 900 BTLJ/HR 
14-9Q. tet BTLI/HR 
518.751 DEG 


Figure 3.2. Utility Input and Component Data (Cont.) 
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ITEM 

I 


'I 

B 


M‘ Will'll ! ■ ' 


i n| D I-' I 

I HI. i r: H I • . | • i | V 

OVER III . I , Ill 'll [ I p fiM . • F i ; ! ■ 

i i (! !' , 

I'oouim plow i 'Hi r 
I. Mi l Illi. I •|V,JR.| I’ 
mir. 

INH I HI COOUTN i 
I i'll I T TEMP. 

M rMO- I Mi l* i (; i mU.iil-JT 
"i s MO 
1 

EPS OH I II IISSJIMSII-MT 
D = NO 
1 ” T i, S 

i i h i . ; *mi i ",i i i n a iwn 

0 wo 

1 r VI 

I’M LPT NODE Ml. IN PER 


•ii n 


>; r .,.’i . DDO 

BTIJ/OLL: 

."1 0 0 ODD 
1 00 . ODD 

BTLI/H!':' DPR 
OTI 12! IP UP R 

02 t . ODD 

DPR 

LID., Sib 
0 

DPR 

I Mi FOPS: 

0 

INTEGER 

;l 

nvIPRi !" 


nun. r r w one Nuriorr 

i 


I Hi i rl-im COUPLING DOT n 
I OR MODE MO. 22 
COM PL CO TO 1 NOISE'S 
T V PF OF III! IT TRRNSFER Ml ID 
I T E M 0 0 I I P I . I N h l-l 0 D P M LI M !.: E R C O D IT V R U.I E 

1 IDO P.DD 

VflLULS MPL: 

B 1 I. .1 / 1 1 R F 0 P S L. P: 1 1 ’ S 1 0 0 r 0 1. 1 i L T N R 

BY LI/ HR DI'IT-v::; 4 for SFRII.2' 2DD 'TOUPLIMO 


Figure 3.2. Utility Input and Component Data (Concl.) 


3.14 


! II!'./: 

n si •! t * . 

' ( i * j . 

LOW Ijilr.i u 
Mil >iil : ii 
OX VI 'il ft! 

i.mmin i>: : * rat' 

Hi, » !•!•: 

hi .L C FR T i l GW; i 

!*»'« in!-! wn !!;:!■:• 


Mi’ • i 


Lift; 

HP r i i 

LBC 


GRBiTiii. HLiii I Mti 
CON i l**i H PARAMETER! 

VP LI. IP 


CONTROL INDICATOR 

1 = RE HD Till'K 

2 C 1-IL. f - U 1 . H T i£ TRPJEC 1 URY 


in n-GFP 

U N 3! T 0 0 N V £ 1? 3 1 0 N E 0 P T f t p F 
1. :: FORTH RPD II C ER . > 

2 = KILOMETERS L i ft 1 i .. ) 

1 

( 'ft! ! Lb Li' 

' ’I'- !•»! Hi i*-: t-J: :{ ;J; ;.j; *.o ;.v .*.• ».• .i. 


ft ft ft :I: ft ft"' 

• ; 1 ; .1 . .1.. ... . •« ... • . . . ... . » . . I- , , . , . . », . 1 . . t . . I . ) . 

ORB I TO!. 

Pi i ROHE! ERS 
VPU..IE 

Li!.! r 

COMP FREQUENCY 

i. 

I NT 

ATT I TU0F HOLD KEY 

1 s INERTIAL 

2 = LOT PL VERT I GPL 

I 

I NT 

SUN COORD T NOTE V, 

2. "'iCCGCiO ' 

! ER. 

V 

0 .. fii 0 O 0 0 0 D 

P |'v> 

ib. 

0 . 0 Of) 00 CO 

! (;;; * 

EULER ANGLE ABOUT Z 

.. 000 

ROD 

1 

. 0 0 0 

. 000 

RPC 

RAD 

ORBIT SEMI MAJOR PHIS 

J .. 029 

LIT. 

ORBIT ECCENTRICITY 

. 000 

N-'O 

ORBIT INCLINATION 

. 0G0 

RAD 

RIGHT ASCENSION 

. 0@O 

RAD 

ARGUMENT OF PERIGEE 

„ 008 

RAD 

' r I M E 0 F P E R I E E E P A S P A G E 

. 000 

ER .. 




Figure 3,3. Boundary Condition and Print Control 
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X y X :•{•: :<?•: # >Jc :%’•: :£ sfc >;•: X X sjc X >J% X X X X- X X X X X* X X : X X X X ^ X X X X : X-' X X X: X ?f • X X X X: XX X X X X X X X X X* 

PLOT CONTROL 

TEN NODE NO TYPE MAX MIN 

1 2 FLUID TEMP .000 .GOG 

2 12 FLOW RATE .000 .000 

3 22 HEAT .000 .000 

X X X X X: X X X X X X X X: X X X: X X X: X- X: X: X: X X: X- X: X X'. X X X X: X X X X X X X X X X X X: X X X X X X X X X X X X X 


Figure 3.3. Boundary Condition and Print Control (Concl.) 


XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX 

PRINT OPTION > 

DISPLAY ' • 


ITEM OPTION 

1 SELECT NODES 

2 PLOl'S 

3 SCHEMATIC 


FLAG 

STATUS 

0 

1 

0 


X X X X X X X X X X X X X : X X X XX X X X X X X X X X X X X X X X X X X X X 


X X X X X X X X X: X X: X: X X: X X X- X X X X X X X X X X X X X X X X X X X 



FUNCTION 

MENU 

YPE 

DESCRIPTION 

1 

FLUID TEMP 

< DEG/R ) 

•? 

COMP TEMP 

C DED/R > 

3 

FLOW RATE 

( LPS/I 'R ) 

4 

HEAT 

CBTU/HR ) 

5 

ACC CONSUM 

f LBS > 

6 

HEATER PWR 

( DTU/HR > 

7 

F’RT FRES H20 

< PS I > 

y 

F'RT PRES N2 

< PS I > 


F'RT PRES 02 

< psi > 

10 

F'RT PRES CO 2 

CMMHG :> 

1 1 

Hi'R ENERGY 

< B i U > 


X X: X: X X X' X X v- X X X' X- X: 

X X X" ■'* X- X* X X" X X* X ■ 



************************** **********************|t****4 ******* ******** 

TFEAR 

TEST PLOT OPTION 

FLUID PROPERTIES 


TIME 

= .oco 

. * = '- ! -7. ■ * - •' 








COMP 

FLUID 

WCP 

HEAT 

NODE 



TEMP 

TEMP 

BTU/HR 

LOAD 

NO 



DEG 

DED 

DED 

BTU/HR 

1 

CABIN IN 

/HEATER OUT 


519.990 

501 . 000 

2001 . OCO 

2 

CABIN OUT 

/LIOH IN 


5 tO. Ib5 

501.000 


3 

L I OH OUT 

/COND. IN 


512.278 

501 . 000 


H 

COND. OUT 

/HEATER IN 

521.000 

500. S30 

501 . COO 

450.000 

5 

EVAP IN 

/JUNCTION 

495. 000 

519 979 

1490.484 


6 

F.VAP OUT 

/PLATE IN 

500.000 

498. 1 74 

1490.484 


7 

PLATE OUT 

/INTF IN 


499.715 

1490.434 

6636.095 

8 

INTF OUT 

/PLATE IN 

521 . 000 

504. 167 

1490.484 


9 

PLATE OUT 

/EXCH IN 


518.751 

1490. 4S4 


10 

EXCH OUT 

/DIVERT 


518.891 

1490.484 


12 

LEG 

/BRANCH 


518.891 

769.090 


1 1 

LED 

/MIXER 


518.891 

721 . 394 


13 

LED 

/RADIN 

521 . 000 

518.891 

3S4 . 545 


17 

LED 

/RAO I N 

521 . 000 

518.891 

384.545 


14 

RADOUT 

/RADIN 

521 . 000 

520.957 

384.545 


IS 

RADOUT 

/RADIN 

521 . 000 

520.999 

3S4.545 


16 

RADOUT 

/MIXER 


521 . 000 

3S4. 545 


18 

RADOUT 

/RADIN 

521 . 000 

520.957 

384.545 


19 

RADOUT 

/PAD IN 

521 . 000 

520 999 

384 . 545 


20 

RADOUT 

/MIXER 


521 . 000 

784 . 545 


21 

EXCH IN 

/PLATE OUT 


523. S96 

100.000 


O') 

EXCH OUT 

/PLATE IN 

521 . 000 

518.916 

lOO. 000 

200.000 


* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * : * * * * >:•• * * * * * * 


* * * s- * * * * 


+ S * * * * * * * * * * ****** J. * * s * * * S' * * * * * * * * * * * * * * * * * >v * * * * * * * * * * * * * v ,v * .* * * * * * * * * * 


DAS PROPERTIES 


TIME = .000 


NODE 

SPECIFIC 

WATER 

NITROGEN 

OXYGEN 

C02 

TOTAL 

NO 

HEAT 

PS I 

PSI 

PSI 

PSI 

PS I 

1 

.210 

. 1 26 

1 1 . 6C0 

3.100 

. 0^0 

14 0 

.*4 

.210 

. 1 30 

1 1 . 600 

3. 100 

. C J 3 

1 4 

3 

.210 

. 1 33 

1 1 . 600 

3.100 

09 U 

14. 700 

4 

.210 

. 126 

1 1 . 600 

3. 100 

. 090 

14 


**************************** *\v * ■: ■;. ** : * * *** * * ; : jt * * s • ** : : ;■*•» * * * * 


PAUSE FUR HARDCOPY. ENTER PNY CHARACTER Tu CONTINUE 


******************** * * x * * .* * * * * • :-.•** ■:- * s * * * x I **•**: ' 

CONSUMABLES 
U ‘ AGE 


TIME = 

SOURCE 

1 


4 

5 

6 

PAUSE EUR 


. 000 
INITIAL 

QUANT I TY 

QUANTITY 

AVAILABLE 

USED 

REMAINING 

000 

. GOO 

000 

. COG 

000 

000 

000 

. 000 

000 

. 000 

. 000 

000 

. 000 

000 

000 

. 000 

. 000 

. 000 

HARDCOPY. ENTER 

PNY CHARACTER 

TO CONTINUE 


Figure 3.4 


Performance Data Output 


C 


S' S' S' S' S' S' Si S' S' S- S $ S S' S ,'< S- S' S Si S- ;. Si* >;. + \\ S' Si -S' S' S' S' Si S' S' .* S' Si ,\V $i S' S' S" S' \V S' S' $ S' * >s SSiS S'SS S' S * * SS S S S' S< 

TFEAR 

TEST PLOT OPTION 


FLUID PROPERTIES 


TIME 

= 1.000 









COMP 

FLUID 

WCP 

HEAT 

NODE 



TEMP 

TEMP 

BTU/HR 

LOAD 

NO 



DEG 

DEG 

DEG 

BTU/HR 

1 

CABIN IN 

/HEATER OUT 


500.405 

501.000 

2001. OOC 

2 

CABIN OUT 

/LIOH IN 


505 . 543 

501. 000 

~ 

3 

L I OH CUT 

/COND. IN 


506.041 

501.000 


4 

COND. OUT 

/HEATER IN 

500.574 

496.495 

501.000 

450.000 

5 

EVnP IN 

/JUNCTION 

495.000 

496.417 

1490.484 


6 

EVAF CUT 

/PLATE IN 

495.220 

495. 187 

1490.484 


7 

PLATE OUT 

/I NT F IN 


495.215 

1490.484 

4981 . 428 

8 

I NTF OUT 

/PLATE IN 

499. 234 

498.557 

1490. 4S4 

100.000 

S 

PLATE OUT 

/EXCH IN 


499. 161 

1490.484 


10 

EXCH OUT 

/DIVERT 


500.071 

1490.484 


12 

LED 

/BRANCH 


_ 500. 071 

318.282 


1 1 

LEG 

/MIXER 


500.071 

1172. 202 


13 

LED 

/RADIN 

493.701 

500.071 

159. 141 


17 

LEG 

/RADIN 

493.701 

500.071 

159. 141 


14 

RADOUT 

/RADIN 

4SS.900 

493.798 

159.141 


15 

RPPOUT 

/RADIN 

485.021 

4S9. 034 

159.141 


16 

RADOUT 

/MIXER 


485. 175 

159. 141 


IS 

RADOUT 

/RADIN 

4So . 900 

493. 798 

159. 141 


19 

RADOUT 

/RADIN 

4S0. 461 

489 . 034 

159.141 


20 

RADOUT 

/MIXER 


480. 741 

1 5 Q . 141 


21 

EXCH IN 

/PLATE OUT 


513. 737 

too . 000 


22 

EXCH OUT 

/PLATE IN 

514. 404 

500.275 

100.000 

200.000 


StSiStStStS* Si** S<S'S'SS >»;-'}! tie >{C Si Si St * S' S< S< SSt S' S' S. S' S'- S< Si S. S S' S' S SSSSS S' S S' S S' Si S' SS SSS- S' S S S S' S' S' S' S S A s 


**** St** »*)!-*$ * * S S' S S' Si S * S * S' >:- S' S; S S' S-f S Si Si fc S S'- S S S< Si S' S S' S * S' Si S' S S' S' S' S< St S S' S S' S' S- »®t * S< S' S' S' S' S S' 'S' S' 


DAS PROPERTIES 


TIME 

= 1.000 





NODE 

SPECIFIC 

WATER 

NITROGEN 

OXYGEN 

C02 

NO 

HEAT 

PS I 

PS1 

PSI 

PSI 

1 

. 2lO 

. 106 

1 1 . 600 

3.100 

. 0 

•-> 

. CIO 

. 107 

1 1 600 

3. 100 

0 

3 

.210 

. 108 

1 t . 600 

3.100 

. 0 

4 

.210 

. 106 

1 1 . 600 

3. 100 

. 0 

St Si Si * s 

?V * N V v; $ v y s v ^ N v $ ^ A- 

♦ Si * Se Si Si S' ft s>- s> 

s s s; s' s< s; Si s< s* S' 

Si Si S! S' * S Si S' S s Si S' S' S' Si S' St Si 

PAUSE 

FOR HARDCOPY. 

INTER ANY 

CHARACTER 

TO CONTINUE 



TO T At_ 
PS I 

1 4 . TOO 
1 4. 700 
14. 700 
14. 700 



8 


C 


TIME = 


❖ ; ; 'j*- ❖ ❖ . >• \ i %< * *y •;> ; s s* \v * s> s< : >y >s •* >y * •; > -:• ;• ❖ •>; :-- *: 

CONSJMnBl.ES 
UC'.'Gr 

1 COO 
INITIAL 
P'M'l i L.ARLC 
0 00 
. 000 
. 000 
coo 
. 000 
. 000 


*. :. >:. y ; ;• ; y :*< .;• •• >y •;: * * 


SOURCE 

1 


OUANT I T', 
USED 


. 565 
000 


nun nt 1 tv 

r EilH l M NG 
- ! - c 3C 
666 
o o o 


4 

C." 


131 . 965 
S 498 


131 '.':•!• 

■-;': 'i« 


PAUSE FOR Hi IRDCi if V . INTER ANY CHARACTER TO i,nNl tMLIF 


Figure 3.4. Performance Data Output (Cont.) 


* 


} 1 

■4 


LI 


3.18 


TEST PLOT OP V I ON 
2. OOO 


FLUID PROPERTIES 


CUB IN IN 
CABIN OUT 
I...IOH OUT 

00 ml; . out 

EVAP IN 

EVAP OUT 

PL file OUT 

I NTF OUT 

FLO IT” OUT 

EX OH OUT 

LEG 

LEG 

LEG 

LEG 

ROD OUT 
ROD OUT 
RRDOUT 
RFID our 
RRDOUT 
RRDOUT 
EXCH IN 
EXCH OUT 


/HER TER OUT 
/L. I OH IN 
/COND. IN 
/HE HTER IN 
/I UNCTION 
/PL PTE IN 
/I NTF IN 
/PLATE IN 
/EXCH IN 
/DIVERT 
/BRUNCH 
/HIKER 
/ROD IN 
/RRDIN 
/ROD I N 
/ROD I N 
/MIXER 
/RRDIN 
/RRDIN 
/MIXER 
/PLATE OUT 
/PLATE IN 


COMP 

FLUID 

TEMP 

TEMP 

n r; n; 

DEG 

LJ Li . LI 

497.571 
502. 644- 
GO 3. 005 

497. 632 

496. 320 

495.. 000 

498 .. 059 

4 9 G . 4 2 4 

495 4 1 0 

495 . 42 1. 

497 . 990 

497 ’ 768 
497 . 962 
498 ,. 574 
4 9 8 5 7 4 
498’ 574 

4b 3. 141 

498 . 574 

4 S3. 141 

498. S74 

446 .. 023 

453.318 

442.470 

446 . 2 1 6 
442 . 659 

446.023 

453.318 

348. 510 

446 . 2 1 6 
3 4 8 . 6 0 1 
507.758 

508 ., 209 

498. 691 


NCP 

BTU/HR 

DEG 

GO ;i. 000 
50 i . 000 
t *: . i 006 
SO | „ 000 
1490. 482 
1 490 .. 4 02 
1490 .. 482 
14 90.. 482 
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